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Abstract
This work describes a multi-channel electronic board for the acquisition and digitalization of current signals in the range from
femto-amperes up to the tens of micro-amperes suitable in a wide range of applications for the readout of photodiodes. The
electronic board includes a sensor bias generation circuit capable to drive large capacitive loads with good noise performances. The
system also has user-congurable general-purpose pins for the control and actuation of external subsystems and provides both USB
and UART interfaces for data transfer. The system features low power consumption in order to enable point-of-care applications.
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1. Introducion
Lab-on-chip systems, also referred as micro-total-analysis systems, are increasingly becoming the target technol-
ogy for many analytical applications as they oﬀer very high performances in a compact, potentially-portable device
[1],[2]. In order to meet these speciﬁcations, sensitive on-chip detection methods are required. Optical detection
based on absorbance measurements [3] or luminescence phenomena [4],[5] appears as one of the best candidates to
accomplish this goal. In this cases, the transducer is typically a photodiode [6],[7], [8],[9], and the output signal is
a photocurrent proportional to the incident radiation intensity that may vary signiﬁcantly according to the diﬀerent
target analytical applications. In order to achieve the best performances of such systems, proper readout electron-
ics is needed. Its main requirements include: low noise readout in order to reach lower limits-of-detection (LOD),
high dynamic range to cover the entire analytical interval and low power consumption to enable portable devices or
point-of-care testing. In addition, features like transducer bias supply capability, ﬂexible digital data interfaces as
well as conﬁgurable general purpose digital inputs or outputs (GPIO) are almost mandatory to achieve a complete
system. Typically, application-speciﬁc readout boards are developed to fulﬁl all the requirements but this impacts on
the system costs as well as on the time required to achieve a complete demonstrator for an analytical application.
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Figure 1. Sistem overview.
Starting from these considerations our group developed a general purpose current readout board named SOPhIE
which is the acronym for Simple Octal Photo-current Integration Electronics. SOPhIE is a eight-channel photocurrent
readout electronic board that combines ﬂexible selection of the current range, good noise performances, on-board
sensor-bias voltage supply and conﬁgurable interfaces aiming at a high-performances general-purpose system suitable
for diﬀerent analytical applications.
2. System overview
The general architecture of the SOPhIE board is schematically depicted in Fig.1, while a picture of the SOPhIE
board is reported in Fig.2a. A zero-insertion-force (ZIF) ﬂex connector is used for interfacing the board with the
sensors through a ﬂex cable that e.g. can be directly bonded or glued on the sensor substrate. As an alternative ad-hoc
interface boards can be used as shown in Fig.2b. Both sensor photocurrent and sensor bias voltage are routed through
the ZIF connector.
The sensor front-end is the DDC118 Current-Input Analog-to-Digital Converter from Texas Instruments. This
chip has eight identical input channels directly connected to the ZIF connector. Each channel has a dual-switched
integrator for continuous signal integration with zero dead-time over a wide range of currents (from femto-amperes
to the tens of micro-amperes). Signal range can be set both by acting on a network of feedback capacitors (to select
up to eight diﬀerent values for the integration capacitance) and by varying charge integration time. Thus, for a given
Figure 2. a) SOPhIE: the input connector is on the top of the image, USB and UART interfaces are on the right side, GPIO pins on the left side and
ﬁrmware programming and debug port is on the bottom side. The board size is 51mm × 56mm. b) Example of a glass substrate with an array of
thin-ﬁlm a-Si:H photodiodes connected through an ad-hoc mating board (stacked above SOPhIE) which is connected to SOPhIE via a ﬂex cable.
In this case, the interface board selects the eight sensors to be connected to SOPhIE using eight shielded wires.
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Figure 4. a) Measured photodiode signal in dark and under IR LED irradiation. (raw data: initial 100 s, 5-sample moving average: after 100s). b)
and c) Histogram of the dark current calculated over raw data and averaged data, respectively.
at these wavelengths. For the experiment reported in Fig.4a, the photodiodes have been biased at 25mV reverse
voltage and the readout has been done using the 50 pF integration capacitance and 200ms integration time. The signal
induced by the LED radiation is as low as 70 fA. The estimated total capacitive load at the output of the on-board
bias circuit represented by the whole photodiode array was of larger than 10 nF. The capacitive load at each input
channel of SOPhIE was around 500 pF. In these conditions, the measured standard deviation of the dark current is less
then 40 fA. By using a n-sample adjacent averaging post processing ﬁlter the noise is reduced by a factor equal to the
square root of n. As an example, using with 5-sample adjacent averaging a noise level decreases to 15 fA as shown by
the histograms reported in Fig.4 b and c.
4. Conclusions
SOPhIE is a low-noise current acquisition system developed for the biasing and readout of photodiodes in analyt-
ical applications based on optical detection. Flexible selection of the readout speed and current range as well as the
presence of conﬁgurable GPIO channels and USB and UART interfaces make SOPhIE a ’general purpose’ system
suitable for many applications.
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